Résumé. 2014 Une belle texture en bandes apparaît souvent comme réponse initiale d'un cristal liquide nématique uniformément aligné à l'application soudaine d'un champ magnétique d'orientation différente. La 
Introduction.
It is surprising that field-induced transient hydrodynamic instabilities in nematic liquid crystals have gone relatively unnoticed in spite of the fact that the Frederiks transition is one of the most important experimental tools for measuring liquid crystal material parameters. In the usual Frederiks transition, a field is applied to a uniformly aligned sample in such a way that the director tends to realign perpendicular (*) Permanent address : Sandia National Laboratories, Albuquerque, NM 87185, U.S.A. to its original direction; the final angle of the director is that at which the field torque is balanced locally by the elastic restoring torque transmitted through the liquid crystal from the anchored boundaries. Although the final alignment state is uniform in the plane of the sample, the path to that state often involves a spatially periodic, transient instability in which adjacent domains of the sample rotate in opposite senses. It is this initial response that gives rise to the striped textures that have been largely overlooked. Here we present the results of our experimental and theoretical studies of field-induced stripes in the splay-bend Frederiks transition geometry. In a pre-vious paper we examined the twist-bend geometry [1, 2] .
The fast response of ordinary thermotropic nematics may have prevented the occurrence or observation of the transient stripes. When they do occur, they anneal away rather quickly in these materials; it is with slower lyotropic systems that the beautiful patterns become obvious. Indeed, the growing interest in lyotropics has led to a number of recently reported observations [1] [2] [3] [4] although the earliest reports were in MBBA [5, 6] . The coupling between flow and reorientation leading to these effects was described by Guyon, et al. [5] who also studied the splay-bend case. In this geometry the director, initially parallel to the walls of a thin cell (planar alignment), is suddenly forced to rotate toward the normal to the walls (homeotropic alignment) by an external field. Using fairly high fields relative to the critical field of the normal Frederiks transition, they found a system of regular stripes perpendicular to the initial director whose wavelength was field-dependent. This implies that the fluid flows and the director remain in a single plane, and so the analysis of the problem is somewhat simplified.
We have repeated these experiments with thinner, more manageable samples in relatively low magnetic fields using a lyotropic liquid crystal composed of tobacco mosaic virus (TMV) particles suspended in water, and we have found that the stripes are not always perpendicular to the initial director. Instead they can form at an acute angle on either side of the director. We have made similar observations on thin samples of MBBA. The implication is that the problem is not strictly two-dimensional : to explain the angled stripes, one must keep track of the flow and director fields in three dimensions.
In this paper we present such an analysis, based on the idea that the initial distortion is dominated by the fastest growing periodic modes. Following Guyon In the three-dimensional problem involving oblique stripes, a similar situation is expected : exponentially decaying modes fix up the free-boundaries solution in areas of the walls where the relatively small shear viscosities, l1a' and nb, dominate. The extra shear flows remain a surface effect so that the over-all behaviour is that of the free-boundaries case.
We must emphasize that the reanalysis in this section of Guyon's model [5] for rigid boundaries has little to do with reality when the system responds with oblique stripes. When the stripes are not oblique (and this does occur [5] ), or when there is uniform rotation with no stripes, these solutions are exact for the initial instability in the linearized limit.
2.4 LONG-CHAIN LIMIT. -An interesting case to consider is that of infinitely long and thin liquid crystal molecules. The macroscopic properties of long-chain systems have been studied theoretically [11] beginning with Onsager's work [12] . The figure 5 . Comparisons with the theoretical curves in figure 5 will be described in section 4. Several of the measurements were checked by comparing to measurements taken from optical Fourier transforms as seen in figure 4 . Fig. 4 The wavelengths and angles of the stripes in four different thickness samples were taken from photographs and converted to kx and ky. The curves were generated from equation (11) using viscosities and elastic constants similar to those predicted for long, hard-rod liquid crystals.
Below this range there is a spatially uniform mode of reorientation and above this range there are stripes but they are not oblique : the system chooses the twodimensional mode which has been discussed in section 2.3. We know that this latter instability is essentially a bend mode, polarized in the x-z plane (that is, only the z-component of the director varies sinusoidally with x), with some splay involved owing to the presence of boundary conditions. The important point is that the obliqueness comes in continuously as the field strength is decreased This suggests that there is a continuous change in the bend mode from higher fields with straight stripes to lower fields with oblique stripes.
Under crossed polarizers, the distortion represented by ny and nz in equation (13) (Fig. 6a) (Fig. 6b) .
Comparing When the driving field is high enough, the avoidance of splay and elongational flow is not important enough to favour the oblique stripes of the helicoidal structure over the perpendicular stripes of the bendsplay structure (Figs. 6a and 6b) . The system takes the most direct route toward aligning with the field, which is the bend-splay mode. The elongational flow and splay are confined to an increasingly thin boundary layer at high fields so that the pure bend in the bulk becomes the only important distortion. Moreover, it is likely that the overall effective viscosity is no longer lowered by trading elongational flow for transverse flow since the Nc term in equation (2) figure 5 , for the elasticity and viscosity parameters in light of the models for long, hard-rod (a) Reference [14] . Q) Reference [ 15] . e) Reference [11] .
(d) Reference [7] . and infinite-chain liquid crystals. There exist theoretical ideas for the relative magnitudes of elastic constants [11, 14] and viscosities [11, 15] figure 5 . The fitting procedure was not a least-squares type; instead we searched for consistency between these data and some similar data from twist-bend instability experiments with the same TMV samples [2] . The 
